ABSTRACT. We evaluated the growth records of 15 h y s sensitive to the growth retarding effects of uremia and its treatand 14 girls who developed end-stage renal failure before ment.
Mean values for age, height, and height velocity at defined technique as a new method that allows objective definition of points of the pubertal growth perid were compared with characteristic points of the pubertal growth spurt, thus facilitating those of normal children entering puberty both at an av-analysis and comparison with control data (5,6). erage and late age. The start of the pubertal growth spurt was delayed by 2.5 y in both sexes. Its duration and
MATERIALS AND METHODS
intensity were significantly reduced. Mean pubertal height gain was 17.3 cm in boys and 13.9 cm in girls, i.a 58 and Study populofion. Data were reviewed from 15 boys and 14
48% of that observed in the late maturing control group. girls with CRF who had been regularly observed at 3-to 6-month Mean height at the onset of the pubertal spurt in the intervals at the Heidelberg University Children's Hospital bepatients was the same as that in the late maturing healthy tween 1968 and 1988. The patients had the following primary girls and 1.0 SD below that of corresponding boys. During renal disorders: fd-segmental glomerulosclerosis (n = 61, obthe pubertal growth spurt, mean height declined to -2.9 structive uropathy (n = 61, renal hypoplasia ( n = 5), nephron-SD in boys and -2.3 SD in girts. Although skeletal matu-opthisis (n = 4), Schonlein-Henoch nephritis (n = Z), rapidly ration was increasingly retarded, we did not observe accel-progressive glomerulonephritis (TI = 2), others ( n = 4). erated growth velocity during late puberty. Our data indiThe patients were followed from 0. The point at which the derived smooth height velocity curve reached a maximum during puberty was defined as the PHV. It represents the growth increment during a time period spanning six mo to either side of this time point. The preceding minimum of the height velocity curve was defined as MHV and used as the starting point of the pubertal growth spurt (6). The end of the pubertal growth spurt was defined as the age at which the late ht velocity curve permanently declined below 1 cmly (EHV). The pubertal growth period was defined by the lime interval between MHV and EHV.
The individual growth curves obtained by the kernel estimation p r d u r e were centered on MHV, PHV, and EHV. For this purpose, we used a synchronization program that transforms the time scale of each individual curve monotonously to align the characteristic points with the respective means (Kneip A, Gasser T, unpublishd manuscript).
Control data were from the First Zurich Longitudinal Growth Study, comprising 232 healthy children (120 boys, 1 12 girls) who were followed longitudinally throughout the growth period (control group A) (1 3). Because the growth spurt characteristics depend on the "tempo" of the maturing process and the patients under study represent a late maturing population, we analyzed separately those 70 children (35 boys, 35 girls) in the Zurich Longitudinal Growth Study who had the latest pubertal growth spurt (control group L).
Mean values for MHV, PHV, and EHV and for the ages at which t h e e parameters were reached were calculated for the CRF patients and both control groups. Data are given as mean & SD. Because the distributions of height and age in the control groups were approximately gaussian, the degrees of deviation from the norma1 means were expressed as SWS. The definitions of MHV, PHV, and EHV allowed calculation of conditional SDS related to the respective points of the pubertal growth spurt rather than to chronologic age or bone age. Differences between the patients and the control group data were checked with paired 6 test for statistical significance.
RESULTS
All CRF patients except one girl exhibited a distinct pubertal growth spurt demonstrated by an upward turn of the height velocity curve. The spurt amplitude was less than 1 cm in three boys and two girls. The synchronized mean height velocity curves of boys and girls are shown in Figures 2 and 3 
